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Abstract 
Urinary crystals can be identified 
by using analytical electron microscopic 
techniques of scanning electron micros-
copy and energy dispersive x-ray microan-
alysis. Crystal habit can be recognised 
by scanning electron microscopy and their 
chemical nature by elemental analysis. 
With a conventional detector the lightest 
element that can routinely be detected is 
sodium, but with a windowless or thin 
window detector even carbon can be 
detected. Thus almost all the commonly 
occurring u rinary crystals including uric 
acid can be analysed by energy dispersive 
x-ray microanalysis. 
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Introduction 
Analytical electron microscopic 
techniques are gaining popularity in 
identification of foreign materials in 
surgical pathology specimens (28). Energy 
dispersive x-ray microanalysis (XRMA), 
which is capable of detecting single 
elements with atomic numbers above 
carbon, is one of the most commonly used 
such technique and is employed in 
association with transmission or scanning 
electron microscopy (SEM). In case of 
crystals, recognition of crystal habit is 
necessary for their identification and 
therefore XRMA is generally used in 
association with SEM. Because several 
excellent reviews on x-ray microanalysis 
and analytical electron microscopy and 
their use in human pathology are already 
available (2, 27), we will not discuss 
the instrumentation and principles of 
these techniques. In this paper we will 
give an account of how these techniques 
can be utilized in identification of 
crystals in urinary stones and sediments. 
Materials and Methods 
Urine is filtered through a 0.2µm 
nucleopore filter. The filter is then 
transferred to a desicca tor for air 
drying. Dried filter is mounted on an 
aluminum stub using a double sticky tape 
or graphite paint and then sputter coated 
with silver or gold or gold/palladium or 
other suitable material. 
Stones are air dried and fractured 
through the middle using a knife. Small 
pieces representing different areas of 
the stone are mounted on an aluminum stub 
using graphite paint or a double sticky 
tape and then sputter coated as in the 
case of urinary sediment. 
For the morphological examination of 
crystals by SEM the specimen can be 
coated with any of the available substan-
ces. But for x-ray microanalysis the 
specimen should be coated either with 
carbon, that is not detected by the 
technique, or by a substance whose peaks 
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Figures showing various types of urinary crystals. h Calcium oxalate monohydrate 
crystals in a human urinary stone. Bar = 5µm. 2. Calcium oxalate dihydrate crystals 
from the urine of a male Sprague-Dawley rat withexperimentally induced hyperoxaluria. 
Bar= 15µm. 3. Needle-shaped crystals of hydroxyapatite arranged in spherulitic units 
in a human urinary stone. Bar= 0.5µm. 4. Brushite crystals on the surface of a human 
urinary stone. Bar= 5µm. 5. Struvite crystals from the urine of a male Sprague-Dawley 
rat. Bar= 5µm. ~ Ammonium acid urate crystals in a human urinary stone. Bar= 50pm. 
in the spectrum obtained by energy 
dispersive x-ray microanalysis do not 
interfere with the major peaks of the 
elements of interest. For example, 
coating with gold or gold/palladium 
would result in gold peak which overlaps 
the main phosphorus peak 1n the spec-
trum. Phosphorus in the sample would thus 
go undetected. Silver coating is more 
suitable for our purpose because its 
peaks do not interfere with peaks of any 
of the major elements that we are 
interested in, i.e., calcium, magnesium, 
phosphorus, and sodium. 
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Coated specimens are studied and 
analysed using a scanning electron 
microscope equipped with an energy 
dispersive x-ray spectrometer. All our 
work is done at 20 kV using a Hitachi HS 
450 scanning electron microscope with 
beryllium window and a Kevex 7000 energy 
dispersive x-ray detector. During 
microanalysis the specimen stage is 
raised and tilted approximately 30° 
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Monoclinic, oval or rectangular, single or 
twinned plates, often radially arranged 
in a fan-shaped profile, stones with 
concentric laminations. (Fig. ll 
Tetragonal, single or twinned 
bipyramids. (Fig. 2) 
spherulitic with radially arranged needles 
or plates often in powdery mass. (Fig. 3) 
same as hydroxyapatite. 
Monoclinic, oval or rectangular, single 
or twinned plates, often radially arranged 
in a fan-shaped profile. (Fig. 4) 
Trapezoidal, typically pentahedral with 
coffin lid shape, characteristic cracks 
on crystal surface, edges may become 
additional faces. (Fig. 5 l 
Rhombic, polymorphic, prismatic, fibrillar 
stones generally laminated and yellow. 
Needle-like crystals, rare. 
Fibrillar crystals, variously arranged 
in rosettes. (Fig. 6) 





l-COOH S (Fig. 7) 
------------------------------------------------------------------------------------
Fig. 7. Crystal in a human cystine 
urinary stone. Bar S0µm. 
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Observations and Discussion 
With the exception of drug crystals, 
the number of chemical compounds commonly 
crystallizing in urine is limited (20, 
24, 26) and because most of the crystals 
have characteristic morphologies they can 
be easily identified by microscopic 
means, particularly SEM which provides a 
three dimensional image at a much higher 
magnification than an optical microscope. 
However, there are some chemical com-
pounds that produce urinary crystals of 
similar habits. Positive identification 
in these cases is accomplished by · 
elemental analysis. For example, calcium 
oxalate monohydrate, brushite and uric 
acid all may have monoclinic crystals 
which in urinary stones are generally 
arranged in concentric layers. Elemental 
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analysis will show only calciu m in 
calcium oxalate monohydrate, calc ium and 
phosphate in brushite and no majo r peaks 
in uric acid, clearly differen tiating 
these three different types of crystal-
line components. Similarly, ammonium 
urate, sodium urate and apatite all may 
have fibrillar or needle-shaped crystals 
which are generally organised in patterns 
characteristic for a particular crystal 
type but sometime may appear simila r. In 
that case elemental analysis will help in 
their identification. Presence of calcium 
and phosphorus will be detecte d in 
apatite crystals and sodium in sodium 
urate crystals. Absence of elemental 
peaks would indicate ammonium urate. Thus 
the majority of commonly encountered 
urinary crystals can be identifi ed by 
using SEM and energy dispersive x-ray 
microanalysis (Figs 1-7, Table 1), SEM 
for crystal habit recognition and 
elemental analysis for differenti ation 
between crystals with similar mor-
phologies but different chemical composi-
tion. 
A number of different meth ods are 
available for identification of urinary 
crystals. Interested readers are referred 
to comprehensive reviews by Otne s (24), 
Rodgers (25) and Schneider (26) who have 
described these methods in det ail and 
have discussed their merits and limita-
tions. All the methods utili zed in 
urinary crystal identification, including 
the combined use of scanning electron 
microscopy and x-ray microa nalysis 
(SEM/XRMA), have limitations (Table 2 ). 
Thus no single method can be used to 
identify all the components of a par-
ticular stone and one would have to use a 
combination of methods. The choice of 
methods would depend on the sampl e size, 
objective of the analysis, avail ability 
of the instrument, and economic fe asibil -
ity of the procedure. When sample size is 
small, as in case of urinary sedim ents or 
when crystals to be identifi ed are 
present in the tissue sections, optical 
crystallography and SEM/XRMA would be 
most suitable. For unambiguous iden-
tification of crystals there is a choice 
of using either IR spectroscopy or x-ray 
diffraction. Both these methods have 
limitations that can be overcom e by 
complementing them with SEM/XRMA. When 
objective of the analysis is not only to 
identify the crystalline components but 
also a study of the relationshi p betwe en 
various crystals present in a mixed 
stone, SEM/XRMA would be one of the 
methods of choice, because no other 
method is capable of giving such a 
detailed information about crystal/ c rys-
tal interaction as SEM/XRMA. 
Earlier we mentioned that XRMA is 
capable of detecting single elements with 
atomic number above carbon (Z=6) but the 
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lightest element detectable by our system 
is sodium (Z=ll). This is due mainly to 
the use of a conventional detector with a 
beryllium window which absorbs low energy 
x-rays. Most of the detectors currently 
in use have beryllium windows. To 
overcome this problem windowless detec-
tors and thin window detectors are 
becoming available now . Using these 
detectors, peaks for carbon (Z=6), 
nitrogen (Z=7) and oxygen (Z=8) can be 
obtained. We have exa mined calcium 
oxalate monohydrate, calcium oxalate 
dihydrate and uric acid stones using a 
windowless detector. Spectra from calcium 
oxalate crystals (Figs. Ba, b) contained 
peaks for calcium, carbon and oxygen 
whil e spectra from uric acid crystals 
(Fig. Be) contained carbon, nitrogen and 
oxygen. Thus using a windowless detector 
one can differentiate between nitrogen 
and non-nitrogen containing crystals and 
may even differentiate between closely 
related nitrogen containing crystals. For 
example, spectra from sodium acid urate 
crysta ls would have peaks for sodium as 
well as nitrogen, while spectra from uric 
acid crystals would have only the 
nitrogen peak. Uric acid and ammonium 
acid urate crystals can be differentiated 
on the basis of their morphological 
appearance (Table 1). Use of the window-
less or thin window detectors would also 
be helpful in differ e ntiating morphologi-
cally similar hydroxyapatite and car-
bonate apatite crystals. Hydroxyapatite 
spectru m would show peaks for calcium and 
phosphorus only while carbonate apatite 
spectru m would have an additional peak 
for carbon. 
Ever since Boyce (6) and Alonso and 
Somacarrera (1) applied SEM techniques to 
the study of renal lithiasis , use of SEM 
and related techniques has rapidly 
increased in the field of urolithiasis. 
Originally these techniques were restric-
ted to scientific research into urolitho-
genesis (4, 5, 7, 9, 10, 12-18, 23, 27, 
29). But with increased availability of 
the instruments and refinement of the 
techniques, there has been a tremendous 
increase in their use as a diagnostic 
tool and a number of well illustrated 
treatise are available (3, 8, 11, 21, 
22, 29) on the subject of identification 
of urinary stone and sediment crystals. 
Kim (20, 21) has routinely used SEM for 
the identification of urinary stone 
crystals. He also studied the cost-
ef fectiveness of his method and calcu-
lated that in his laboratory a stone can 
be analyzed for less than $5, excluding 
the wages of the technician and the cost 
of the photographic material (21). Medina 
and Cifuentes-Delatte have made extensive 
identifications of stone crystals by 
SEM/X RMA (8). Recently, Khan and Hackett 
have proposed an easy to use flow chart 
Crystal Identification 
Table 2 
Evaluation of various methods commonly used for identification of urinary 
crystals. CaOx, calcium oxalate; CaP, calcium phosphate; UA, uric acid; COM 
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good for amorphous 
and crystalline 





Based on identifying radicals and ions, thus can-
not distinguish between various CaP or hydrates of 
CaOx and UA. Difficult to apply to small stones. 
Some authors have found it difficult for disting-
uishing COM from COD, whitlockite from apatite, 
and even struvite from apatite . 
Limited use because of limited resolution of opti-
cal microscopes, requires considerable experience 
to int e rpret observations. 
Minor stone components, particularly apatite, are 
missed . 
With conventional beryllium window detectors 
unable to detect elements light er than sodium 
(Z=ll), thus organic constituents like uric acid 
and urates cannot be subjected to positive 
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P Cl K Ca ---1.00 2. 00 3 . 00 -' . 00 
Fig. 8. Energy dispersive x-ray 
microanalysis spectra obtained using a 
windowless detector. a. Calcium oxalate 
monohydrate. b. Calcium oxalate 
dihydrate. c. Uric acid. Carbon (Cl, 
calcium (Cal, chloride (Cl), sodium (Na), 
potassium (Kl, nitrogen (Nl,phosphorus 
(Pl, oxygen (Ol sulphur (Sl, magnesium 
(Mg). 
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based on crystal morphology and their 
elemental analysis for the identification 
of urinary crystals (19). 
The SEM/XRMA technique for crystal 
identification is simple, economical and 
easy to apply and is generally available 
to most clinicians in this country 
through medical centers or private 
laboratories. Judicious use of this 
technique can provide qualitative data 
sufficient for most of the clinical, 
scientific and epidemiological work. 
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Discussion with Authors 
A. Rodgers: Were the urine specimens 
filtered immediately after voiding or 
were they allowed to stand, during which 
time they might have pricipitated and 
grown? 
Authors: Urine specimens were filtered as 
soon as collections were complete. 
A. Rodgers: Did you not find it necessary 
to centrifuge the urine specimens prior 
to filtration or were the raw samples 
sufficiently concentrated to provide 
plenty of crystals? 
Authors: In our SEM studies of rat 
crystalluria particles we do not centri-
fuge the urine. 
14 11 
